We measure the informal economy and shortages of consumer goods in the Soviet republics from 1965 to 1989 to estimate the relationships of these two variables. We use fixed-effect model and instrument variable approach and find that the informal economy and shortages reinforce each other. Results indicate that the Soviet central planning system is difficult to sustain in the long run. A substantial heterogeneity across the Soviet republics exists not only in the extent of the informal economy and shortages, but also in the associations of the two variables.
I. Introduction
Centrally planned economies (CPEs) are typically described as the system in which the central planning coordinates the economic activities of enterprises and households. Central planners draw comprehensive plans that contain detailed information on inputs and outputs, suppliers and consumers, and household income and the supply of consumer goods and services. Input producers supply the required inputs and deliver them to firms according to the plans. Goods and services produced using such inputs are supplied to consumers as central plans dictate. Hence, shortages in the consumer markets and the informal economy (or the so-called second economy) in the ideal type of CPEs are marginally possible.
However, ideal CPEs were inexistent. Central planning often suffered from inconsistency and lack of knowledge on the behavior and capacity of firms.
Central planners accused firms of attempting to hide local information on themselves soon after the establishment of CPEs. Firm managers simultaneously complaint that inputs required to produce outputs were not delivered, but central planners still demanded that output targets be fulfilled. Households found that they were unable to purchase goods in official shops and thus conducted informal economic activities with enterprises; households and enterprises produced goods and services informally, that is, either against laws or outside the operational domain of central planners. Households and enterprises sold goods at markets to earn extra income. Households sold their products from private plots at collective farmers' markets, which were part of informal markets. Several households purchased goods in an official shop and resold them at higher prices in informal markets. Enterprises bought inputs from unofficial input suppliers (talkachi) and earned money by selling their goods at markets.
Shortages and the informal economy are the two important features of the Soviet economy (Grossman, 1977; Treml and Alexeev, 1994; Kim, 1999; 2002) . The informal economy co-existed with central planning from the beginning of the Soviet socialism (Grossman, 1977; O'Hearn, 1980) . Shortages have prevailed in consumer markets until the dissolution of the Soviet Union (Kim, 1999; 2002) . The disequilibrium school argues that shortages could reduce labor supply because households facing shortages attempt to substitute money with leisure. A vicious circle is consequently generated because reduced labor supply implies reduced supply of consumer goods, which further intensifies shortages. This argument indicates that CPEs suffering from shortages in the consumer market are inherently unstable and destined to collapse. However, several studies have argued that workers have difficulty in reducing working hours freely in the centralized Soviet system that is characterized by heavy regulations and harsh penalties (Howard, 1976) . Furthermore, the informal economy helps keep the value of money; households can buy goods informally, although the official market has shortages of these goods (Alexeev, 1988) .
Shortages and the informal economy have been studied separately; no research has analyzed the relationship between these two variables. Do these two variables reinforce each other and cause a vicious circle in CPEs? Alternatively, do they interact to produce a stable equilibrium? These questions are important for understanding the stability of CPEs. Moreover, the Soviet republics may have been different in terms of the extent of shortages and the informal economy, and the relationship of these two variables. The presence of heterogeneity has implications for the collapse of the Soviet economy.
We aim to contribute to the literature in two aspects. First, using previously unavailable archival material, we extend the estimates of Kim (1999; 2003) of the informal economy in the Soviet Union as a whole from 1965 to 1989 to all 15 Soviet republics in the same period. We combine these data with the measures of shortages and other variables at the republic level. Second, we estimate the determinants of the informal economy and shortages simultaneously as well as independently to understand the relationship between these two factors.
We find that shortages increase the informal economy and that the informal economy intensifies shortages. These positive relationships between these variables suggest that CPEs are an unstable system; the planned official sector shrinks in the long run as informal markets replace the planned sector. Yet, a large heterogeneity exists in the informal economy and shortages among Soviet republics. In particular, the informal economy and shortages interacted more intensively in Russia and Ukraine than in republics in Central Asia. This paper is organized as follows. In Section II, we review the related literature. In Section III, we measure the informal economy using the material from Russian archives. In Section IV, we estimate the determinants of the informal economy and shortages in reduced and structural forms. In Section V, we summarize our findings and discuss their implications.
II. Literature Review
The Soviet informal economy (i.e., the second economy) began to be discussed in the literature following the pioneering work of Grossman (1977) . 1 Grossman defined the second economy as a platform for "all production and exchange activities that fulfill at least one of the two following tests: (a) they intended directly for private gain; (b) they were conducted in some significant respect with understanding they were in contravention of existing law."
Grossman estimated the amount of goods and services transacted in the informal economy. Afterwards, several related studies on the Soviet informal economy have been conducted mainly by Western researchers (Schroeder and Greenslade, 1979; O'Hearn, 1980; Ericson, 1983; Brezinski, 1985; Cassel and Cichy, 1986 ).
The principal interests of these studies include the definition, the size of the informal economy, its causes and effects, and the classification of activities.
However, their analyses are limited to describing the typologies and working mechanisms of informal economy, and providing rough estimations based on anecdotal evidence that appeared in Soviet newspapers and journal articles. The Soviet Interview Project and the Berkeley-Duke Émigré Survey collected data on the Soviet informal economy from Soviet immigrants in Israel and the United States in the 1970s, respectively; they substantially improved data availability and analytical rigor. Nevertheless, they suffered from problems arising from a non-representative sample. Although Soviet researchers began to pay attention to its second economy prior to the collapse of the regime, their work failed to provide reliable estimates of the second economy (Осипенко, 1989; Головнин and Шохин, 1990; Корягина, 1990) . More reliable estimates were obtained because of the availability of previously classified data after the collapse of the Soviet Union. Kim (2003) used previously unpublished archival material of household budget surveys and classified the informal economy into three types, namely, informal production, illegal production, and rent-seeking activities. Kim reported that the latter two tended to increase during the period of Perestroika. Shida (2011) confirmed this finding at the republic level.
Several researchers have examined the effects of the informal economy on the entire economy to understand whether the informal economy stabilizes or 1 Hereafter, we use "informal" and "second" economy interchangeably. 2 Schroeder and Gleenslade (1979) and Rutgaizer (1992a; 1992b) reviewed the Soviet literature that contains information on the size of the second economy. destabilizes the entire economy (Ericson, 1983; Cassel and Cichy, 1986; Galasai and Sik, 1988; Alexeev, 1988; Treml and Alexeev, 1994) . The informal economy may affect the economy positively. It increases price flexibility, which drives the price of a good closer to its scarcity. It simultaneously eases inflationary pressures in the official market by absorbing a part of unspent money in the official economy, and reduces the supply multiplier, that is, the tendency of households to substitute money income with leisure when they are frustrated about the inability to purchase goods and services in the official economy.
However, O'Hearn (1980) and Treml and Alexeev (1994) argued that the effect of the informal economy is detrimental. O'Hearn (1980) suggested that the role of the informal economy in the economy as a whole can be supplementary, depletive, or redistributive, depending on its characteristics. Following this line of approach, Treml and Alexeev (1994) indicated that an increase in the informal economy beyond a certain threshold could destabilize the official economy.
Early empirical studies on shortages in Soviet consumer markets have failed to find any evidence of shortages (Pickersgill, 1976; Ofer and Pickersgill, 1980) . However, these studies suffered from data unavailability, measurement errors, and methodological problems arising from the non-stationarity of variables. Kim (1997; 2002) and Asgary et al. (1997) provided more reliable evidence of shortages in Soviet consumer markets.
Previous studies have failed to explore the shortage factor in considering the effect of the informal economy on the official economy. The disequilibrium model analyzes the relationship between shortages and the official economy, but failed to include the informal economy in its model (Davis and Charemza, 1989) .
The informalization hypothesis maintains that the Soviet economy collapsed because of its informalization, that is, the replacement of the official economy with the informal economy and its association with corruption and deterioration of support for socialist norms (Treml and Alexeev, 1994; Grossman, 1998) .
However, these studies have investigated only the relationship between the official and the informal economy, although the dynamics of the informal economy may have been associated with shortages. The informal economy is likely to interact with shortages in the official economy. An increase in the total supply of goods and services due to the existence of the informal economy could reduce shortages in the official 3 Queue-rationing mechanism in the official and parallel markets is formally discussed in the literature (Stahl and Alexeev, 1989) . economy because household demand for goods and services in the official sector decreases. In more detail, households may work harder in the informal economy than in the official one, which increases the total supply of consumer goods and services available in the economy. Furthermore, the informal economy where prices are determined freely by supply and demand can absorb at least part of shortages in the official economy. These conjectures imply that shortages in the official economy decrease as those in the informal economy increase. However, using inputs taken away from the official economy for production in the informal economy intensifies shortages in the informal economy. In addition, firms prefer to sell their produced goods and services in the informal economy to increase profit (Harrison and Kim, 2006) . Moreover, households accumulate money from activities in the informal economy and may use it in the official economy. Hence, an alternative conjecture can be established in that the informal economy intensifies shortages.
In sum, the issues of whether the net effect of the informal economy on shortages is positive or negative, and whether the development of the informal economy is stimulated by the intensified shortages remain unclear. These unresolved questions on the dynamic relationships between the informal economy and shortages are empirically examined in the subsequent sections.
III. Data
This section measures the informal economy and shortages at the level of the Soviet republics, and introduces various independent variables to estimate the relationships between the informal economy and shortages. We use declassified archival materials on household budget surveys from RGAE (Российский государственный архив экономики) to estimate the size of the informal economy and reconstruct our statistical database of household incomes, expenditures, and items traded by the republics. According to Kim (2003) , the informal economy has three components, namely, the self-consumption of agricultural products, trading between citizens, and redistribution among citizens.
We use only the second and third components to measure the informal economy to understand its relationship with shortages because the self-consumption of agricultural products is closely associated with the stage of economic development. 4 The share of the informal economy (informal) refers to the ratio of the aggregated amount of the money expenditures of households at the informal market to the net material products (NMPs) of each republic.
Second, following Chawluk and Cross (1997) , and Kim (2002) , the shortage indicator (shortage) is defined as the ratio of household disposable money income to retail inventories at the state and cooperative retail networks.
This indicator is the only one that allows comparison across republics. Kornai (1976) and Asgary et al. (1997) use alternative shortage indicators, for instance, the lengths of waiting lists and queues for scarce goods and evaluations of the goods availability collected through sample survey; however, these data are difficult to obtain for the long period and for every republic. We present the trend of the informal economy and shortages at the Soviet republics in Figures In our estimations, we use the above-mentioned dependent variables transformed into the natural logarithm and control various factors that may affect the informal economy and/or shortages. Conventional control (exogenous) variables introduced capture the economic, governance, and socio-demographic features (human capital, ethnicity, and crime) of the republics. Moreover, we introduce the following economic variables: real economic growth rate in the log form (official growth rate of the NMP evaluated in constant prices: growth); industrial structure, namely, the shares of industry (industry), agriculture (agriculture), and domestic trade, including food services (trade) in NMP; average official income level in real terms in the log form (income); tax rate for household in the log form (tax); income gap between workers/employees and collective farmers in the log form (wagegap); 5 road is the amount of goods transported by road divided by the number of retail shops; and housing condition 4 Redistribution among citizens denotes the repayment of debts and loans borrowed from citizens. We assume that these debts and loans were mainly used for trading between citizens and constituted a part of informal financial services. 5 High income gap may stimulate trade between high-and low-income groups. That is, the high-income group intends to purchase goods in the informal economy instead of queuing in the official shops, whereas the low-income group waits in a queue to take advantage of lower prices in the official shops. Table 1 .
IV. Estimation Results
We first estimate the equation for the informal economy and one for shortages separately using fixed-effect model. In doing so, we introduce control variables step by step to check the significance and the robustness of our key variables, that is, shortages in the equation for informal economy, and the informal economy in the equation for shortages. Fixed-effect model can successfully control for time-invariant factors that affect the dependent variable by transforming variables to deviations from the average within the unit, and thus help avoid endogeneity problems caused by omitted fixed effects. Moreover, the reverse causality from the dependent variable to control for variables can be reduced using fixed-effect estimations because they exploit within-group variation over time but do not use across-group variation that may reflect omitted variable bias. The results obtained using fixed-effect model are presented in Models 1 to 7. Furthermore, we use the system Generalized Methods of Moments (GMM) estimator in Model 8. The system GMM estimator controls for both republic-specific heterogeneity and potential endogeneity bias by combining in a system the original specification expressed in first-differences and levels and uses internal instruments, such as those based on the lagged values of endogenous explanatory variables. Table 2 shows the results of estimations for the informal economy. The most important result is that the key variable, shortage, is positive and statistically significant at the 1% level in all models. This result indicates that shortages cause the informal economy to increase. Furthermore, the coefficient on shortages changes slightly, although we introduced economic variables in Models 2 to 6, and social and demographic variables in Model 7. Hence, the effect of shortages on the informal economy is independent of other confounding factors. These findings are likewise confirmed by the dynamic linear model using the GMM with one lag displayed in Model 8.
With regard to control variables, coefficients on real income are negative and statistically significant at the 1% level in all of the models. This finding suggests that the Soviet informal economy is associated with the motivation of households to earn extra income when the official income is low. This finding is likewise supported by the negative correlation of growth with the informal economy. The share of the trade industry in NMP is positively associated with the informal economy. In contrast, the shares of industry (mining and manufacturing) and agriculture in NMP are not statistically significant. These results imply that the Soviet informal economy has closer associations with trade sectors than the other ones. Finally, evidence suggests that income differences between the workers/employees and collective farmers (kolkhozniki) positively influence the informal economy.
We subsequently estimate the equation for shortages using fixed-effect models. The results are presented in Table 3 . The coefficients on informal are positive and statistically significant at the 1% level in all of the models. This finding suggests that an increase in the informal economy intensifies shortages in the official economy. Hence, the informal economy fails to stabilize the national economy as argued by several studies, such as Ericson (1983) , Cassel and Cichy (1986) , Sampson (1986) , and Galasi and Sik (1988) . Rather, it destabilizes the economy by increasing shortages.
Coefficients on real income are positive and statistically significant at less than the 5% level in all of the models, excluding Models 1 and 7. In other words, the higher household income is, the more shortages in the official sector.
Population density is negatively correlated with shortages. This finding can be We check the robustness of the preceding results using two methods, the instrument variable (IV) approach and structural equation approach. The IV approach endogenizes shortages and the informal economy using external instruments. We use two instruments for shortages, namely, population density (density) and the share of industrial production in NMP (industry). That is, we assume that these two instruments are exogenous to but account for the shortages of consumer goods. We likewise use two instruments for the informal economy, namely, wage gap between the workers/employees and the collective farmers (wagegap) and the share of trade in NMP (trade). The diagnostics of Tables 4 and   5 suggest that the instruments are relevant and exogenous.
The results from the equation for the informal economy, reported in Table 4 (on the left-hand side), are similar to those in Table 2 . Shortages affect the informal economy positively. The results regarding control variables are similar as well. Moreover, we find comparable results on the effect of the informal economy on shortages reported in Table 4 (on the right-hand side). Our key result of the positive association between the informal economy and shortages remain unchanged.
We further estimate both equations using a structural equation model in which both the informal economy and shortages are estimated simultaneously.
The results are presented in Table 5 . Both key variables are highly significant and positive in determining the other. This finding suggests that, by reinforcing each other, these two variables generate a vicious circle to the official economy and destabilize the Soviet system. These built-in destabilizing factors indicate the high instability of the Soviet economic system.
To analyze heterogeneity across the Soviet republics, we examine regional differences in the effects of shortages and the informal economy on the economy using a structural equation model with the republics dummies. The results in the left-hand side of Table 5 suggest that after controlling for standard explanatory variables, Uzbekistan and Georgia had the largest informal economy, followed by Turkmenistan, and the other Caucasian and Central Asian republics.
In contrast, Estonia, Latvia, and Belarus had a relatively small informal economy.
The right-hand side of Table 5 shows that shortages, which were unaccounted for by standard variables, were the most severe in Moldova, Ukraine, and Armenia, but households in Central Asia and Russia suffered from shortages to a lesser extent.
We further investigate the relationships between the informal economy and shortages using regional dummies and interaction terms. Each republic is clustered to the following regions: Slavic region as a reference group (comprising Russia, Ukraine, Belarus, and Moldova); Central Asia (Uzbekistan, Kazakhstan, Kyrgyzstan, Tajikistan, and Turkmenistan); Caucasus (Georgia, Azerbaijan, and Armenia); and Baltic region (Lithuania, Latvia, and Estonia). The estimation results confirm the regional variations of shortages and the informal economy.
The largest informal economy is found in Central Asian and Caucasian republics, followed by Baltic and European republics; meanwhile, shortages are more severe in Baltic and Caucasian republics.
The results in Table 6 can be used to understand the relationships between the informal economy and shortages that vary across the clustered regions. The magnitude of the effects of shortages on the informal economy can be computed by adding the coefficient on shortages in the informal economy equation to those on the interaction terms between regional dummies and shortages in the same equation. Similarly, we can compute the magnitude of the effects of informal economy on shortages by adding the coefficient on the informal economy in the shortage equation to those on the interaction terms between regional dummies and shortages in the same equation. The results are summarized in Table 7 . All of the coefficients have positive signs and are statistically significant at least at the 5% level. The most important finding is that reference regions, that is, European regions, had the strongest spillover both from shortages to the informal economy and from the informal economy to shortages.
The second strongest spillover effects are found in Baltic republics. However, the gaps in the magnitude of such effects between European regions and the other regions, including Baltic ones, are substantially large. These results imply that the official economy in European regions was hit hardest by the vicious circle generated by shortages and the informal economy in these regions. Hence, these regions had arguably the most vulnerable central planning system and may have had the strongest public support for changes in the economic system. This finding can explain why the Russian public supported the transition toward a market economy in the early 1990s, which terminated the Soviet economic system.
V. Conclusion
This study measures the informal economy and shortages of consumer goods from 1965 to 1989 at the level of the Soviet republics to estimate the relationships between these two variables. We apply fixed-effect estimator, instrumental variable approach, and structural estimator to these data.
The informal economy and shortages positively affect each other. In other words, the informal economy intensifies shortages in the official economy, whereas shortages increase activities in the informal economy. Thus, sustaining the Soviet economic system based on central planning is difficult in the long run. Author's estimation using archival materials on the balances of money incomes and expenditures of the population (Shida, 2012 
Appendix. Estimating the Informal Economy in the Soviet Republics
In this appendix, we provide a brief overview of our original database based on declassified archival materials on household budget survey and then describe the estimation method adopted in order to assess the size of the informal economy underlining Figure Kim (1997; 1999; 2003) . Shida (2011) follows Kim's method as much as possible in reconstructing the database for 1969-1988 at the republic level. 10 Shida (2012) also reconstructed the statistical database of balances of money income and expenditure of the population for each republic in 1960-1989 (денежные балансы доходов и расходов населения). This database is used for evaluating average official income level for each republic, that is, money income paid from the official sector. The list of utilized materials is shown in Hence, the first step of data reconstruction is transformation of each item into an identical format. Consequently, these varying formats were transformed into the latest version of 1989 with 46 expenditure items. In the second step, we reconstruct the household income and expenditure database for representatives for the whole population at the republic level. In doing so, we mainly follow Kim's (1997; 1999; 2003) method but with minor modifications. First, we integrate the datasets on families of workers/ employees and families of collective farmers into one category by weighting the numbers of households. Two major differences in data reconstruction between Kim's methods and ours are as follows. First, data for workers and state employees in [1965] [1966] [1967] [1968] are reconstructed retroactively based on growth rate of each statistical item of industrial workers' family in this period using data on workers' and state employees' families in 1969 as the benchmark year. This is because we could not obtain materials on industrial workers' families in 1969-1978 during our archival search. Second, self-consumption is evaluated at the official retail prices because of unavailability of the data on collective markets for each republic.
12
(2) Estimates of the size of the informal economy Based on the reconstructed database, each expenditure item is classified into official and informal items. Table A-2 shows the simplified structure of household expenditure, which consists of money expenditure and 11 Because average household size (family members per households) varies among republics, it is not possible to use the year-average number of workers and state employees to weight republics. Instead, we use the weights of number of households obtained from Population Census in 1959 Census in , 1970 Census in , 1979 Census in , and 1989 . Extrapolated weights are used between census years. 12 The Soviet statistical yearbook of the national economy provides data on the share of the collective market in the total retail sales in the Soviet Union as a whole. This share is evaluated as per the effective and comparable prices. The latter is the share of the collective markets evaluated as per the official retail prices. Using this data, price level differences between official retail shops and collective markets are calculated. However, these data are not available from the republican statistical yearbook of the national economy.
self-consumption of privately produced goods. The money expenditure series provides us a separate dataset of spending based on the destination of household money expenditure. This series contains two types of money expenditure, namely expenditure paid to the state and cooperative organizations and paid to private citizens. The latter fulfills Grossman's (1977) definition of the concept of the Second Economy because this kind of payments is attributable not to public interests, but directly to private gains of citizens. Furthermore, according to their contents, items traded by private citizens are divided into either trading or redistribution between citizens. As Table A-2 shows, monetary consumption expenditure paid to private citizens is defined as the former components (A), while private money transfers between citizens, that is, repayment of debts and loans borrowed from citizens, are defined as the latter (B). Items in (A) are considered as household activities in informal goods markets, whereas items in (B) are considered as those in informal financial markets.
In order to examine empirically the relationship between the informal economy and shortages, we use the sum of (A) and (B) as informal economy (market) and exclude self-consumption. The relative sizes of the informal economy (informal) refer to the ratio of the aggregated amount of the households' money expenditure at the informal market to the net material products (NMP) of each republic. Compiled by the author. 
